Objective: To evaluate the diagnostic utility of recommended body mass index (BMI)-based classification systems in detecting excess body fat (BF) in an Afro-Caribbean adolescent population. Subjects: All adolescents aged 12-18 years were invited to participate in the study. A total of 3749 persons participated fully in the study. Result: Males (12.2%) (95% confidence interval (CI): 10.7, 13.9) and females (43.6%) (95% CI: 41.5, 45.7) had excess adiposity. Specificities were high for all cutoff values (range 90.1-99.7%). Sensitivities ranged from 25.7 to 86.4% and from 15.6 to 54.4% for Centre for Disease Control (CDC) and International Obesity Task Force (IOTF) cutoff values, respectively. The mean areas under the receiver-operating characteristic curves ranged from 62.7 to 88.2% in males and 57.7 to 75.1% in females, while positive likelihood ratios ranged from 8.7 to 90.9 for the recommended BMI cutoff values. Conclusions: Overall, the CDC cutoffs had a higher sensitivity than the IOTF cutoffs in screening for excess fat. Specificities were high for cutoff values in both systems and would produce fewer false negatives.
Introduction
Childhood obesity is rapidly becoming a major public health concern in many developing countries (Kosti and Panagiotakos, 2006; Shetty and Schmidhuber, 2006) . This global phenomenon has not escaped the Caribbean region. Recent data suggest that up to a third of children and adolescents in the region are overweight or obese (Simeon et al., 2003; Ariza et al., 2004; Benefice et al., 2004) . Moreover, the pattern of obesity was reflective of that seen in adults (Gaskin and Walker, 2003) . The consequences of childhood obesity and adolescent overweight and obesity are enormous and include the subsequent development of chronic non-communicable diseases, psychological dysfunction and excess adiposity in adulthood (Sacker and Cable, 2006; Taylor et al., 2006; Orio et al., 2007) .
A number of anthropometric indexes have been used as surrogates for body composition. Of these measures, body mass index (BMI) has been recommended as a good index of obesity (Janssen et al., 2005; Wang and Wang, 2005) . BMI in adolescent populations varies with age, sex, maturation and body composition and are often difficult to interpret. In an effort to standardize interpretations globally, two BMI-based classification systems have come into prominence for use among children and adolescents. These are based on the US Centers for Disease Control and Prevention (CDC) and the International Obesity Task Force (IOTF) reference data Kuczmarski et al., 2000) . The reference criteria of both systems are known to produce different estimates of overweight and obesity. Furthermore, while body fatness and BMI track during adolescence and into adulthood, their relation to each other varies by ethnicity. (Flegal et al., 2001; Kain et al., 2002; Freedman et al., 2005a, b) . Given these facts, it is necessary to establish the efficacy of recommended BMI-based cutoffs in correctly diagnosing excess adiposity and facilitating the identification of persons at risk for developing unfavourable obesity-related health outcomes. In this study, we evaluated the diagnostic utility of the CDC and IOTF BMI-based classification systems for detecting excess adiposity in an Afro-adolescent population.
Methods
All students aged 12-18 years and attending secondary school on the island of Tobago were invited to participate in the study. After written parental consent and verbal assent of each participant, 3479 (2139 females, 1610 males) healthy school children representing 85% of the total school population were enrolled in the study conducted during the period September 5, 1999 , to January 31, 2000 . At the time of the study, over 98% of eligible participants were of African origin (that is having both parents and at least two grandparents of African origin). Consequently, the analyses were confined to this group. Anthropometry was measured by nursing personnel who underwent 2 weeks of training in anthropometric methods prior to the commencement of data collection. All personnel collecting data were revalidated at regular intervals during the study. Weight was measured to the nearest 0.1 kg with a digital scale (Seca, Model 770; Seca Corp., Hanover, MD, USA), while height was measured to the nearest 0.1 cm with a portable stadiometer using standard procedures .
Percent body fat (%BF) was measured by foot-to-foot bioelectric impedance (Tanita, Model 531; Tanita Corp., Tokyo, Japan), which requires participants to stand on the foot pad electrodes of the machine for measurements (Spencer et al., 2003) . Studies show high levels of correlation (r40.8) between %BF estimated by conventional bioelectric impedance and dual energy X-ray absorptiometry (DEXA) and that estimated by foot-to-foot bioelectric impedance (Jebb et al., 2000; Goldfield et al., 2006) . Foot-to-foot bioelectric impedance gives a lower mean and higher intraindividual variation in %BF than DEXA does. It may under-or overestimate adiposity depending on the size and gender of individuals being measured and is therefore more suitable for estimating adiposity in groups rather than in individuals (Lazzer et al., 2003; Frisard et al., 2005; Hosking et al., 2006) .
Using the random sample selector in Statistical Package for the Social Sciences (SPSS for Windows Release 10), a random sample of 6.5% of participants (132 females; 106 males) had biceps, triceps, subscapular and suprailiac skinfold measurements taken with a Lange calliper (Lange, USA) using standard procedures . Triceps and biceps were measured in triplicate on the left side of the body in the standing position . The average of three triceps and three subscapular skinfold thicknesses were used to predict body fat (BF) using Slaughter's equations taking into consideration age of menarche for females as well as self-assessment of breast and genitals (Burke et al., 1980; Slaughter et al., 1988) . Participants were examined in school uniform without shoes between 0900 and 1200 hours daily throughout the study. BMI was calculated by dividing the participants' weight in kilograms by their height squared in metres. The age-and sex-specific BMI cutoffs of the IOTF system and those developed recently by the CDC with cutoff points at the 85th and 95th percentiles were evaluated for their diagnostic utility in defining subjects having excess adiposity Kuczmarski et al., 2000) . The fundamental assumption of this approach is that children with those BMI values have inherent health risks Flegal et al., 2001) . The mid-age value for each age group was used for obtaining unbiased estimates of the prevalence of overweight and obesity among participants .
Statistical analysis
For data analysis, subjects were categorized into subgroups according to sex and age. For data analysis, subjects were categorized into subgroups according to sex and age. For example, the 12-year-old group included participants who were 12.0-12.99 years on the day they had measurements taken. Statistical analyses were performed by using SPSS for Windows (version 10; SPSS Inc., Chicago, IL, USA). Prior to analyses, all data were checked for errors and deviations from normality, and the appropriate transformations were performed to normalize distributions that deviated significantly from normality. Logarithmic transformation; log (BMI-13), log %BF, log (weight-20) rendered the age-dependent distribution of BMI, %BF and weight, respectively, approximately Gaussian. Height was normally distributed in this population. The t-test, w 2 test and correlation analyses were used to investigate differences and associations between anthropometries. Receivers-operating characteristic curves were used to assess the performance of BMI cutoffs in detecting obesity defined as %BF X25% in males and X30% in females obtained from foot-to-foot impedance (Williams et al., 1992) . The receivers-operating characteristic curves for %BF-BMI were constructed by calculating the specificity and sensitivity using the recommended BMI cutoffs. An area under the receivers-operating characteristic curve of 0.95 implies that a randomly selected overweight (or obese) child has excess adiposity 95% of the time compared to a randomly selected normal-weight, while an area under the curve of 0.5 suggests that the diagnostic test is not better than chance at distinguishing excess adiposity between overweight and obese and nonobese persons (Hanley and McNeil, 1982; Zweig and Campbell, 1993) . In addition, the sensitivities, specificities, positive and negative predictive values were determined for cutoffs based on the IOTF and CDC BMI-based reference values. A likelihood ratio 410
suggests that persons with BMI greater than and equal to the recommended BMI cutoff value are 10 times more likely to have excess BF, while those with a negative likelihood ratio o0.1 suggests that a person with a BMI below the recommended cutoff for overweight and obesity have 490% decreased risk of being classified as having excess BF (Fletcher et al., 1996; Gordis, 2004) compared to a person with a BMI below this value.
Results
The prevalence of obesity as estimated from the foot-to-foot bioelectric impedance was 12.2% (95% confidence interval (CI): 10.7, 13.9) in boys and 43.6% (95% CI: 41.5, 45.7) in girls in our sample. Overall, females had significantly higher BMI, total skinfold thickness, %BF but lower mean weight and height than their male counterparts ( . Females 12-15 years old were significantly more likely than their male counterparts to be overweight or obese. Furthermore, the proportion of females with excess BF increased linearly with age (P trend o0.001). No such trend was seen among males. There was a significant linear increase in the proportion of participants with BMI X25 kg m À2 in both gender groups (P trend o0.01). , respectively. In addition, true positive rates were consistently higher for the BMI cutoff values based on the CDC system than for those based on the IOTF system.
A comparison of the performance of the various BMI-based classification for excess fatness using positive and negative likelihood ratios suggest that a male with %BF X25 would be 8.7-90.9 times as likely as a truly normal-weight male to be classified as overweight, whereas a truly normal-weight male would have 26-85% reduced likelihood of being classified as having excess adiposity (Table 2) . Similarly, a female with %BF X30 would be 13.1-62.5 times as likely as a truly normal-weight female to be classified as overweight, whereas a truly normal-weight male would have only 15-52% reduced likelihood of being classified as having excess BF. The IOTF BMI-based system consistently gave higher positive and negative likelihood ratios than the CDC system.
In both sexes, BMI was significantly better than chance as a diagnostic test for overweight (Po0.001). The area under the curve based on the recommended BMI cutoff values for overweight and obesity ranged from 62.5 to 88.2% for males and 57.7-75.1 for females. BMI cutoffs based on the CDC system showed higher area under the receivers-operating characteristic curves than those based on the IOTF system. In addition, many of the age-and gender-specific area under the curve based on the IOTF cutoff BMI X30 kg m À2 included values less than 50% in their CIs (Table 3) .
Discussion
In this study, we assessed the diagnostic utility of recommended BMI-based cutoffs in diagnosing excess BF in a group of Afro-Caribbean adolescents on the basis of the various concerns regarding the ability of BMI to correctly ascertain differences in body composition during puberty (Bini et al., 2000; Reilly, 2002) . Our results showed the gender-specific patterns of adiposity that are typical of these age groups. A sexual dimorphic pattern emerged with increasing adiposity and lean body mass in females and males, respectively. This pattern is similar to that seen in other adolescent populations (Greil, 2006 ; McCarthy et al., 2006). Our age-and gender-adjusted correlation of 0.82 between BMI and %BF has been demonstrated in other studies and supports the use of BMI as a useful screening tool for excess adiposity among our adolescents (Mei et al., 2002; Field et al., 2003; Freedman et al., 2005a, b) . The effectiveness of screening for excess BF using BMI depends on both the BMI cutoff values and the level of adiposity that are indicative of increased health risk. Unfortunately, there is no consensus on the %BF cutoffs for excessive BF in adolescents, although several cutoffs have been proposed (Williams et al., 1992) . Using the CDC and IOTF cutoffs, approximately 16-23% of participants were overweight and obese, while 30% had adiposities that would be considered excessive based on the recommendations of Williams et al. This suggests tremendous variability in %BF at any given BMI level. In fact, among adolescent females in our population, %BF ranged from 17 to 36 for participants with a BMI of 20 kg m
À2
. This range includes adiposity levels that would be considered as excessive. Thus, recommended BMI cutoffs during this period of highly variable body composition would tend to misclassify overweight and obese persons as having normal adiposities and vice versa (Neovius et al., 2004) . In addition, BMI is influenced by varying degrees of physical activity and socioeconomic factors that might differ greatly among adolescents. These can significantly alter the relation between adiposity and BMI among adolescents from different populations even when they share a similar genetic makeup (Benefice et al., 2004; Kruger et al., 2006; Taylor et al., 2006) .
The superior performance of the CDC cutoffs over the IOTF BMI cutoffs in detecting excess adiposity is consistent with the results of studies in a wide range of the adolescent population and might suggest greater use of the former if the emphasis is correct diagnosis of excess adiposity (Fu et al., 2003; Zimmermann et al., 2004) . Furthermore, sensitivities for the recommended BMI cutoffs in detecting excess BF were 10.1-32.9% points higher in males than in females, suggesting that the recommended BMI cutoffs were better at identifying excess BF in males than in females in this population. Overall, the false-negative rates for the CDC BMI cutoffs ranged from 13.6 to 29% in males and 45.6-59% in females, while these rates for the IOTF BMI cutoffs ranged from 15.6 to 74% and 48.6 to 84% in males and females, respectively. The superior performance of the recommended cutoffs in identifying excess BF in males as compared to females reflects the fact that our median, as well as the fifth and 95% percentiles for our normalized age-specific weight, height and BMI distribution for males, were similar to the values in the CDC data. On the other hand, our normalized age-specific weight distribution for females differed from their US counterparts and resulted in age-specific BMI with different distributions.
In our female population, sensitivities of the BMI-based cutoff approach were seen in males if the BMI cutoff value was lowered from 25 to 20 kg m À2 or if the cutoff value for excess BF was increased from 30 to 40%. Both adjustments resulted in sensitivities greater than 90%. Notwithstanding the high specificities and relatively low false-positive rates (males o10%, females o5%), these recommended BMI cutoffs would not incorrectly classify participants as having excess adiposity when they are not overweight or obese.
With the exception of the IOTF cutoff BMIX30 kg m À2 , which had 95% CIs for several age groups, including area under the curve less than 50%, the overall performances of all the indexes were acceptable with a superior performance in males compared to females in each age group. The results of the positive likelihood ratio test suggest a superior ability of the IOTF cutoffs in classifying persons as having excess adiposity when indeed this is the case. The ultimate choice of which system should be adopted is a contextual one and would include issues related to ease of use, universal interpretation of the results, ability of the cutoffs to predict future risk of ill-health or well-being. The ease of computation of the IOTF BMI cutoff values and the fact that its cutoff values for childhood, adolescence and adulthood are identical are distinct advantages over CDC systems, which require detailed knowledge of age-and gender-specific cutoffs (Flegal et al., 2001) .
This study has several limitations. The cross-sectional nature of the study design means that the data represent average growth patterns and do not take into account the changes in adiposity in individual children and cannot assess the natural changes in body composition that accompanies individual growth and development. In addition, our response rate of 85% coupled with the lack of randomization might have resulted in biased estimates. This is unavoidable given the need for voluntary participation and our previous experience of lower participation and compliance rates where participants are randomly selected from classrooms. Another limitation is the nature of the gold standard employed in this study. While the foot-to-foot bioelectric impedance is becoming quite popular, little is known about the performance of its algorithms among persons of African descent. This makes it difficult to compare our diagnostics of the BMI metrics with those observed in other studies (Spencer et al., 2003; Frisard et al., 2005; Hosking et al., 2006) . Finally, we did not factor in the level of sexual maturation stage in our assessment of body composition, and the puberty tempo is an important predictor of body composition as well as the risk of overweight and obesity (Biro et al., 2006; Kim et al., 2006) .
In this study, we evaluated the utility of recommended BMI-based cutoffs in screening for excess adiposity in a Caribbean adolescent population of African origin. The overall performance of the BMI-based cutoffs was dependent on age, gender, cutoff value and the diagnostic test used. For example, sensitivities of the various BMI-based cutoffs were higher among males than among females. On the other hand, specificities were higher in females than in males. The relatively low sensitivity and high specificity (especially among females) obtained for each cutoff value means that they would fail to identify a large number of participants with excess adiposity; however, they do not incorrectly classify participants as having excess adiposity when they are not overweight or obese. For better detection of excess adiposity in this population, other measures such as waist circumference should be used in addition to BMI.
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